
24896 SCIENTIFIC AMERICAN SUPPLEMENT No. 1554, OCTom�R 14, 1905. 

be utilized for heating, i� wasted, and in others, where 
the exhaust steam is utilized for heating, power is 
wasted by excessive back pressure. The most eco
nomical use that exhaust steam can be put to is for 
heating, because all the heat units are made use of, 
but it should be done without back pressure on the 
engine, by means of a vacuum system to draw the 
steam and water through the heating pipes, otherwise 
there will be a loss both of fuel and power, due to the 
engine working under imperfect conditions. 

A LIGHTHOUSE OF REINFORCED CONCRETE. 
THE Russian government has recently constructed a 

lighthouse for the illumination of the entrance to the 
canal that connects the port of Nicolaief with the 
Black Sea. This lighthouse, of which the total height 
above ground is 132 feet, is espeeially interesting be
cause it is the only important one, we believe, that has, 
up to the present, been constructed of reinforced con
crete. 

As shown in the accompanying figures, it consists 
of a hollow tower of parabolic form. This, at the base, 
is surrounded with a wall of concrete 19.6 feet in 
diameter and 8 in height, resting upon a caisson oi 
reinforced concrete sunk in the ground to a depth of 
8.2 feet. At its upper part there is a chamber 14 feet 
in diameter and 9.8 in height that serves as a storage 
room and as a look-out for the keepers of the light
house. This is supported externally by brackets of 
reinforced concrete. Above the chamber is the lantern 
8.5 feet in diameter and 9.5 in height surmounted by a 
cupola. In this lantern is placed the optical apparatus 
that serves for the lighting. The base of the lantern 
is surrounded by a gallery and parapet. 

The walls of the tower are of reinforced concrete and 
of very slight thickness, say 8 inches at the level of 
the base, 6 at a height of 39 feet, and 4 at the upper 
part. 

The walls of the watch-chamber, which also are of 
reinforced concrete, are 3.2 inches in thickness, while 
those of the lantern are 3 inches. The framework that 
constitutes the protected concrete wall of the tower 
consists of vertical metallic bars of eircular section 
surrounded with concrete to a distance of 1.2 inch from, 
the external wall and distributed throughout the en
tire eircumference of the tower. It is these bars alone 
that, to the exclusion of the concrete that surrounds 
them, have to withstand, through their implantation 
into the base of the tower, the stresses due to the pres
sure of the wind. Since such stresses in the different 
sections of the tower continue to diminish in starting 
from the base, the nu mb er of the bars likewise con
tinues to diminish. There are 71 of these from the 
base up to a height of 37 feet; 65 up to a height of 45; 
47 up to a height of 73; and 52 at the upper part of 
the tower. Each of these bars, which are of steel, has 
a diameter of 0.9 of an inch .. 

Figs. 3 and 4 show the transverse and longitudinal 
connections between 1he different vertical bars. These 
latter are, moreover, surrounded internally and ex
ternally for the entire height of the tower by a series 
of eircular' bars 0.39 of an inch in diameter spaced 10 
and 20 inches apart. 

The total weight of the lighthouse, inclusive of the 
concrete filling of the foundation wall, is 160 tons, and 
the cost of construction was but $8,253. The work re
quired but two months for its completion. A compara
tive study made by engineers Pjatnizky and Bary
schnikow, who had the work in charge, shows that a 

lighthouse of brick masonry would have cost 38 per 
cent more and one with a metallic frame 42 per cent 
more, and would have taken a much longer time to 
construct. 

The extreme lightness of the tower, however, is open 
to critieism, upon grounds which we think it of in
terest to point out. When a lighthouse of a certain 
height is submitted to squalls of wind, the tower un
dergoes oscillations which the French Lighthouse 
Board has recently been able to measure, and which, 
although slight, may nevertheless affect the operation 
of the lighting apparatus during tempests. Moreover, 
under the infiuence of such oscillations, the primitive 
eircular section of the tower becomes oval, and, in a 
plane diametrical to the direction of the wind, vertical 
fissures often occur that extend from the upper part of 
the structure to about a third of the height. In order 
to prevent such fissures, the experiment has been tried 
(although attended with no success) of surrounding 
the coping of the tower with a belt.of metallic hoopß. 
What is necessary, then, is to endeavor to annul these 
oscillations by giving the tower an adequate rigidity. 
Now, experience has demonstrated that such rigidity 
is so much the greater in proportion as the weight of 
the tower 1s itself greater, that is to say, is constructed 
with materials of a great speeific weight. Moreover, 
the variations in load upon the different transverse 
sections of the tower resulting from the pressure of 
the wind must be relatively slight with respect to the 
press ures produced by the very weight of the struc
ture. Thus, at the Calais lighthouse, which is 167 feet 
in height and built of brick, and in which in each of 
the sections of the tower the supplementary pressure 
resulting from the effect of the wind (supposing the 
latter to produce a maximum pressure of ab out 60 
pounds to the square foot) exceeds half of that due to 
tlie weight of the tower, the oscillations are consider
able, and very pronounced fissures are produced. 

On the contrary, at the Gatteville lighthouse, near 
Bilitie\lr, which is 233 feet in height, but in which the 
weigltt of the tower, built of granite, is considerable, 
and in' 'which the supplementary stresses due to the 
wind' aresÜght in all the sections, the oscillations are 
inappreeiable and no fissure has been produced. At 

'. 
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the lighthouse recently constructed on Virgin Island in 
Brittany, with granitic materials, and the height of 
which up to the focal plane is 246 feet, it has been 
possible to obtain an absolute rigidity of the tower by 

,so calculating the different sections that the supple
mentary pressures due to the wind shall be but a 'fifth 
of the total pressure of 15.5 pounds to the square 
inch, that is to say, 31 pounds (the rest being due to 
the height of the tower). At the Eckmühl lighthouse 
recently constructed at the point of Penmarch, the total 
maximum stress of 110 pounds to the square inch is 
due, for three-quarters, to the total weight of the tower, 
and so the rigidity is absolute. 

Upon the whole, in order to diminish the oscillations 
and give great rigidity to towers submitted to wind 
squalls during tempests, it is necessary to increase the 
weight of the tower, as well as the moment of inerW, 
of the sections. 

Experience runs likewise to demonstrate that the 
use of Portland cement, at least in the high parts, has 
the effect of diminishing the oscillations. 

The tower of the Nicolaief lighthouse, on the con
trary, is light and the moment of inertia of the sec
tions is but slight. Its coeffieient of stability is but 
4.02, while at the Virgin Island lighthouse it reaches 
the figure of 10.8. We may therefore ask whether if 
in such a case important oscillations will not occur at 
the top of the tower, and, finally, whether it is possible, 
with reinforced concrete, to economically construct a 
tower of suffieient rigidity to' resist wind squalls dur-
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1. View of the Iigbtbouse. 2. View of tbe iron framework of the tower_ 
3 and 4. Longitndinal and transverse connections of tbe framework. 

ing tempests without too much vibration.-Translated 
from La Nature for the SCI]i]NTWlC Al\fERICAN SUPPLE
l\fEN1'. 

CAVENDISH: MAN WHO WEIGHED THE WORLD. 
HENRY CAVENDIS H, who has been called "the modern 

Newton," was born in 1731, only four years after New
tOll'S death. He was educated at a private school at 
Hackney, from which he passed to Peterhouse, Cam
bridge, which he left three years later without a de
gree. Thereafter he was a man of seienc@, devoting 
his whole life to experimental philosophy. 

"The man who weighed the worId," wrote Henry 
Cavendish's cousin, the late Duke of Devonshire, "bur
ied his seience and his wealth in solitude at Clapham." 
His seience, however, he did not bury, for he published 
to the world certain facts which placed hirn in the 
first rank of experimental philosophers. It was he 
who converted oxygen and hydrogen into water, and 
proved that it consists of these gases; it was he who 
first stated the difference between animal and common 
electrieity, and it was he who, by a course of ingenious 
experiments, weighed the world. 

Cavendish had no vanity; he cared for no one's 
praise, avoided soeiety, and was, as one must suppose, 
an unhappy man. For money he cared little; up to his 
fortieth year he was comparatively poor, probably hav
ing an annual income of no more than ;f; 500, but in 
1773 an uncle died who left hirn an enormous fortune. 
Of that he spent very little; he was one of those rare 
men who have no idea of the value. of money. His per
sonal needs were very simple, and the fact that he 
was rich never seems to have struck hirn as a matter 
of interest. 
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Cavendish had two houses, the one on Clapham COUl
mon and another near the British Museum, at the cor
ner of Gower Street and Montague Place. He had few 
visitors, but his library was at the service of any one 
who cared to use it. Yet, so anxious was he to be un
disturbed that he hired a house in Dean Street in 
which to accommodate his books, arid paid a librarian 
to look after them. When he wanted to refer to his 
books he went around as though to a eirculating li
brary, and left a receipt for whatever he took away
an admirable idea, which should be encouraged now
adays. 

His house at Clapham was practically a workshop; 
the upper rooms were converted into an observatory, 
the drawing room-Cavendish had no use for drawing 
rooms-was a laboratory, and in an anteroom he had 
fixed up a forge. On the lawn he erected a stage, 
which enabled hirn to reach the top of a large tree, on 
which secure and isolated perch he could be absolutely 
alone with his thoughts. 

As a host one gathers that this strange being was 
hardly a success; the very few people who were admit
ted to his table were always given the same fare-;-a 
leg or mutton. On one occasion four seientific men 
were to dine with hirn. When his housekeeper con
sulted hirn as to what she was to' give them to eat 
he said a leg of mutton. "Sir," said the good soul, 
"that will not be enough for five." "Well, then, get 
two," he replied. And this man who was content to 
eat mutton everlastingly had no sense of beauty; he 
cared for nothing beyond his own work. His biog
rapher, Dr. George Wilson, said of hirn: 

"There was nothing earnest, enthusiastic, heroic, or 
chivalrous in the nature of Cavendish, and as little 
was there anything mean, groveling, 01' ignoble. He 
was almost passionless. All that needed for Hs appre
hension more than pure intellect or required the exer
eise of fancy, imagination, affection, or faith, was dis
tasteful to Cavendish. An intellectual head thinking, 
a pair of wonderful, acute eyes observing, and a pair 
of very skillful hands experimenting or recording, are 
all that I realize in reading his memorials." 

He simply left his incorne to accumulate. One day 
his bankers, finding that they had a balance of ;f; 80,000 
to his credit, sent up a messenger to consult hirn about 
it. Cavendish was extremely perturbed, but he con
sented to see the messenger. "What do .you come he re 
for?" he asked. "What do you want with me?" 

"Sir, I thought it proper to wait upon you, as we 
have a very large balance in hand of yours, and we 
wish your orders respecting it," 

"If it is any trouble to you I will take it out of your 
hands. Do not come here to plague me!" 

"Not the least trouble to us, sir, not the least; but 
we thought you might like some of it to be invested." 

"Well, well, what do you want to do?'" 
"Perhaps you would like ;f; 40,000 invested!" 
"Do so, do so! And don't come here to trouble me, 

or 1'11 remove it." 
He was essentially a shy man, to whom it was even 

difficult to speak. Dr. Wollaston said: "_The way to 
talk to Canvendish is never to look at hirn; but to talk, 
as it were, into vacancy, and then it is not unlikely 
you may set hirn going." And Prof. Playfair, who 
was a frequent visitor to the Royal Soeiety Club, said: 
"Mr. Cavendish is a member of this meeting. He is 
of an awkward appearance, and has not much the look 
of a man of rank. He speaks likewise with great 
difficulty and hesitation, and very seldom. But the 
gleams of genius break often through this unpromising 
exterior. He never speaks at all but it is exceedingly 
to the purpose, and either brings some excellent in
formation or draws some important conclusion." 

Cavendish's shyness amounted almost to a disease. 
He shrank from speech with strangers, and if he 
were approached abruptly he would dart away with a 
cry like a scared anima!. At such entertainments as 
he attended he would often stand. on the landing, afraid 
to face the company on the other side of the door, nor 
would he open it until the approach of some one' from 
behind drove hirn forward. 

On one occasion, at a party at Sir Joseph Banks'," 
house, a certain Dr. Ingenhousz took upon hirnself to 
praise Cavendish to his face in a high-fiown and pomp
ous manner by way of introduction to an Austrian 
gentleman who was present. The Austrian promptly 
took the cue, loaded the unfortunate philosopher 
with compliments, and assured hirn that he had come 
to London mainly to meet hirn. Cavendish stood with 
downcast eyes, in abject misery, speaking never a 
word. Then he saw an opening in the crush, fiew to 
the door, jumped into his carriage and drove horne at 
full speed. 

Women he hated; his usual method of communica
tion with his housekeeper was by means of notes left 
on the hall table, and if any female servant came into 
his presence she was instlmtly dismissed. Ta guard 
against chance meetings with his household he had a 
second staircase erected in his Clapham villa. Lord 
Brougham remembered "the shrill cry he uttered as he 
shuffled quickly from room to room, seeming to be an
noyed if looked at, but som6times approaching to hear 
wh at was passing among others:" 

This extraord'inary man left a fortune of ;f;1,750,OOO; 
his heir, Lord George Cavendish, was only permitted 
to see hirn once a year, and then for no longer than 
half an hour. He never changed the fashion of his 
dress-a fact which naturally drew the attention to 
hirn which he was so anxious to avoid. He was in, 
deed a man of pure seience, in whose constitution 
there seemed no room for human kindness.-T. Jl.'s 
Weekly. 
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